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MortalityAbstract Fishery and population characteristics of Loligo duvauceli along the northwestern part of
the Red Sea were studied based on samples from trawl survey by Research Vessel ‘‘Salsabile’’ May
2011 to assess the stock status of the Indian squids. It was the most common and abundant species
of the total survey catch. Mantel lengths (ML) of Loligo were different between males, 45.0–
238.0 mm; (mean 117.0 ± 36 mm, S.E. 0.179, n= 442) and females 43.0–162.0 mm (mean
115.0 ± 22 mm, S.E. 0.180; n= 287).The length frequency distribution revealed attendance of 3,
2 and 3 year classes for males, females and pooled sex, respectively. Growth parameters L1, K were
estimated at 246.8 mm, 0.8/year for males, 173.3 mm, 0.92/year for females and 246.8 mm,
0.85/year for the pooled sex. The longevity was 3.54, 3.08 and 3.33 years for males, females and
pooled sex, respectively. Annual total, natural and ﬁshing mortality were investigated at
4.24 ± 0.223/year, 1.27/year and 2.97/year, respectively. The exploitation ratio (E) was calculated
at 0.7. The maximum (Emax) was 0.56 for the highest yield. Higher value of the current (E) indicated
the over exploitation of the Loligo ﬁshery resource in the surveyed area.
ª 2015 National Institute of Oceanography and Fisheries. Hosting by Elsevier B.V. This is an open access
article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).Introduction
Squids are one of the most important commercial marine
resources in the Gulf of Suez. They are characterized by short
life span, high human consumption and high market price.Loligo duvauceli is the most abundant and important commer-
cial squid species; it is one of the most targeted species of the
trawl ﬁshery operating in the Gulf of Suez (Jereb and Roper,
2010). It is an Indo-Paciﬁc species: Indian Ocean periphery,
including the Red Sea and the Arabian Sea, extending east-
ward from Mozambique to the South China Sea and Philip-
pines Sea, occurring at depths between 30 and 170 m,
forming large aggregations during the spawning season (Silas
et al., 1982). Age and growth rate information are one of the
most important variables for estimating the status of a popu-
lation and assessing the risks associated with its exploitation
as they constitute the basis for the calculations of mortality
rate and productivity. Despite the great economic importance
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Figure 1 Geographical distribution of trawling survey tows in
the Gulf of Suez, north-west Red Sea during May 2011.
280 M.M. Sabrah et al.of Indian squids in the Gulf of Suez and Red Sea, Amin and
Zaghloul (2008) and Gabr and Riad (2008) were the only stud-
ies, dealing with reproductive biology of L. duvauceli in this
region. L. duvauceli ﬁshery resources and population dynamics
have been studied in the Indian coast by several authors
(Kasim, 1985; Meiyappan et al., 1993; Mohamed, 1996;
Mohamed and Rao, 1997; Thomas and Kizhakudan, 2006).
In Thailand Sukramongkol et al. (2007) and Petsut and
Kulabtong (2012) studied the age, growth and maturation.
Madhu et al. (2011) investigated the trawl cod end selectivity
of L. duvauceli in India.
The aim of this work was to assess and evaluate the biolog-
ical and dynamical characteristics of the Indian squids, as part
of the evaluation of the ﬁshery resources of the Gulf of Suez by
conducting the trawl survey and understanding the biological
and dynamical characteristics of the most common and
commercial species.
Materials and methods
The National Institute of Oceanography and Fisheries (NIOF)
had conducted a scientiﬁc bottom trawl survey for 12 days
during the spring season, May 2011 in the northern part of
the Red Sea ‘‘Gulf of Suez’’, using the Research Vessel
(R/V) Salsabil.
Research Vessel (R/V) description
The R/V ‘‘Salsabil’’ is 31 m long and powered by 950 HP. It is
ﬁtted with all navigational, hydrographical, oceanography
equipments, CTD used for collecting the environmental
parameters, necessary for carrying out the ichthyologic study
to explore the ﬁsheries along the Gulf of Suez. The bottom
trawl net has a horizontal opening of 14 m and height of
1.8–2 m, with cod end of 3 cm mesh size.
Survey description
The survey extended for 12 days to collect ﬁshery data along
the Gulf of Suez. The trawl stations were chosen to cover
the whole area under study Fig. 1. The survey covered the area
between latitude 2949.50 N of the Gulf down to 27560 at the
south of the Gulf. Trawling surveys were carried out during
night and day hours at different depths ranging from 13.5 to
42 m. The trawling time for each tow ranged from 2 to
2.30 h with a total number of 35 tows during the whole survey.
Fish samples after each tow were collected, sorted and
weighed. Speed of the boat during trawling time was measured
using differential GPS. Identiﬁcation of the trawl ﬁsh from the
survey was carried out according to Fischer and Bianchi (1984)
species identiﬁcation sheets for ﬁshery purpose, ﬁshing area 51.
Survey catch composition
Samples from the trawl survey were identiﬁed into different
species. The species composition percentage by weight as
shown in Fig. 2. The Indian squids were the most dominant
species in the survey catch that constituted about 34.95%,
followed by Brushtooth sp. 34.75%, Shrimp sp. 10.98%, Red
mullets sp. 7.63%, Moontail bullseye 2.84%, Threadtail breamsp. 2.29%, Striped pigy 2.15%, Cuttleﬁsh and Octopus 1.73%,
Arabian scads 1.05% and others 1.63%.
Data analysis
Indian squids Loligo is the most common commercial species
(282.5 kg with 35%) in bottom trawl survey catch. It has a rep-
resentative length frequency distribution that allowed studying
their biological and dynamical parameters.
The L. duvauceli length compositions from all tows were
computed. Dorsal mantle lengths (ML) of samples were mea-
sured to the nearest mm and grouped into 10 mm length
classes. The mantel length-body weight (BW) relationship
was carried out for 442 males and 287 females separately
and for all samples according to the formula of Le Cren
(1951) BW= a MLb, where (BW) is the total weight, (ML)
is the dorsal mantel length, while (a) and (b) are constants.
Mantel length frequency data were analyzed using FISAT II
(FAO-ICLARM Stock Assessment Tools) (Gayanilo et al.,
1996) and the age determination was carried out by
Bhattacharya method (1967) depending on the length fre-
quency distribution. The von Bertalanffy (1938) growth
parameters, asymptotic length, L1 and annual growth
coefﬁcient K were computed by ELEFAN I method. The age
at nil (t0) was computed by the equation of (Pauly, 1979)
log (t0) = 0.3922 – 0.2752 log L1 1.038 log K. The long-
evity observed in the stock of the squid was calculated
according to Taylor (1958) as described in Sparre and
Venema (1997), A0.95 = t0 + 2.996/K. The instantaneous rate
of total mortality (Z) was estimated by Pauly’s (1984) length
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Figure 2 Survey catch composition percentage by weight.
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estimated by using Jensen’s method (1996): M= 1.5K.
Exploitation rate (E) was calculated from the formula:
E= F/Z * (1eZ) given by Widrig (1954). The optimum
length at capture was calculated by (Beverton, 1992) formula
Lopt = 3L1/(3 +M/K). The relative yield per recruit (Y/R)0
and relative biomass per recruit (B/R)0 were estimated by using
the Beverton and Holt model (1966) as modiﬁed by Pauly and
Soriaro (1986) using the knife edge selection in FISAT II
package.
Results
Mantel length-body weight relationship
The mantel lengths (ML) and body weights (BW) of males and
females were different; ML of males ranged from 45.0–
238.0 mm; (mean 117.0 ± 36 mm, S.E. 0.179, No. 442) and
BW of 6.0–143.3 gm; (mean 39.8 ± 22.3 gm, S.E. 1.110). ML
of females ranged 43.0–162.0 mm (mean 115.0 ± 22 mm,
S.E. 0.180, No. 287) and BW 5.5–93.5 gm; (mean
45.9 ± 18.1, S.E. 1.490). There was a difference in length
ranges, body weights and variance between males and females.
Statistical signiﬁcant differences were observed between the
two sexes at the level of 5% (t-test p= 0.018 < 0.05). The
regression between ML and BW for males, females and com-
bined sexes showed a sharp negative allometric growth in
males, females and pooled data as all values of b were signiﬁ-
cantly different from the isometric 3 (p< 0.05). The parame-
ters of the relationships were investigated as follows:Males BW= 0.291L1.958 r2 = 0.95Females BW= 0.116L2.416 r2 = 0.96Pooled data BW= 0.263L2.02 r2 = 0.93Aging and growth
Total number of individuals collected from the trawl
survey was 729, 442 (60.6%) males and 287 females(39.4%). The length frequency data analysis by Bhattacharya
(1967) for male, female and pooled sex’s, revealed the
presence of 3, 2 and 3 modes, respectively that are
assumed to be 3, 2 and 3 year classes (Fig. 3A–C). It is shown
that the males of L. duvauceli in the Gulf of Suez attained
107.4, 185.8, and 216.7 mm at the end of 1st to 3rd year,
respectively, where females achieved 100.0 and 140.0 mm at
the end of 1st and 2nd year and the pooled sexes reached
107.5, 182.4 and 216.5 mm at the end of 1st to 3rd year,
respectively.
The growth parameters were estimated using ELEFAN I
and the results revealed that L1 for males, females and pooled
sex was 246.8, 173.3 and 246.8 mm, respectively, and the val-
ues of annual growth rate (k) were 0.80, 0.92 and 0.85/year,
while t0 was estimated at 0.211, 0.170 and 0.198, respec-
tively. L. duvauceli longevity (A0.95) was found to be 3.54, 3.08
and 3.33 years for males, females and pooled sex, respectively.
Table 1 summarizes the results of aging.
Instantaneous mortality rates and exploitation ratio
The estimation of mortality rates was applied to the pooled
sexes as at any ﬁshery the mortality rates are taken for both
sexes. The catch curve analysis based on length distributions
(Pauly, 1984) was applied and the total mortality coefﬁcient
was Z= 4.24/year with slop and standard deviation
(SD) =±0.223, CI = 3.72–4.75 and r2 = 0.98 (Fig. 4). By
using Jensen’s formula (1996), the natural mortality was
obtained as M= 1.27/year. The ﬁshing mortality was esti-
mated as 2.97/year and the exploitation ratio was found to
be 0.70.
Lengths at 1st capture, at optimum capture and at 1st maturity
Fig. 5, shows the length at ﬁrst capture of L. duvauceli. It was
estimated at 90 mm and it is equivalent to 0.77 year. Lopt was
determined as 165.0 mm. The length at ﬁrst maturity (Lm) was
quoted from Amin and Zaghloul (2008) and Gabr and Riad
(2008) for the same species at the same region, it was corre-
sponding to Lm = 106.0 mm.
Figure 3 Length frequency distribution showing age classes estimated from Bhattacharya method of (A) males (B) females (C) pooled
data of Loligo duvauceli from the Gulf of Suez, north-west Red Sea.
Table 1 Mean length, standard deviation (SD), separation
index (S.I.) for each age group of L. duvauceli as estimated from
the Bhattacharya method.
Sex Year
classes
Mean length
(mm)
SD Population SI
Pooled
sexes
I 107.50 12.85 432.00 2.21
II 182.40 9.08 225.00 2.80
III 216.50 9.39 25.00 2.17
Males I 107.40 15.57 322.00 2.45
II 185.80 8.45 65.00 2.88
III 216.70 10.75 25.00 2.15
Females I 100.00 15.00 110.00 1.59
II 140.00 12.50 160.00 2.37
Figure 4 Length converted catch curve, estimated the annual
total mortality rate of L. duvauceli from the Gulf of Suez, north-
west Red Sea (Z= 4.24).
282 M.M. Sabrah et al.Relative yield Y0/R and biomass B0/R per recruits
Fig. 6, shows the relative yields and biomass per recruit against
different values of the exploitation rate E. The maximum
relative yield per recruit was found to be Emax = 0.56 at
Lc/L1= 0.36, also the exploitation level which maintains
the spawning stock biomass at 50% of the virgin stock biomass
E0.5 = 0.33. This indicates that the current level of E= 0.7 is
higher by 20% than Emax and by 53% than E0.5. However, the
current F= 2.97 was higher than Fopt = 0.5M= 0.64 and
Flimit = 2/3M= 0.85, those values which give the maximum
Y0/R and maintains 50% of the spawning stock biomass.Discussion
Squids are commercially and economically important in the
Gulf of Suez and received attention as cephalopods in ﬁshery
resources. Indian squid L. duvauceli is the most common squid
in the trawl ﬁshery constituting about 6% of the total commer-
cial trawl. Loligo samples were collected from the bottom trawl
survey which was carried out in the northern part of the Red
Figure 5 Probability of capture (Lc or L50) for each length class
of L. duvauceli from the Gulf of Suez, north-west Red Sea
{L25 = 79.2 mm, L50 = 90 mm and L75 = 103 mm}.
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surveyed catch.
The mantel length (ML)–body weight (BW) relationship of
Loligo was expressed as: BW= 0.291L1.958, BW= 0.116L2.416
and BW= 0.263L2.02 for males, females and pooled data,
respectively. High correlation coefﬁcient (r2) was obtained
between ML and BW, 0.95 in males, 0.96 in females and
0.93 in pooled sexes. It is clear that the relationship between
(ML) and (BW) of L. duvauceli is characterized by sharp neg-
ative allometric growth and the values of the exponential (b)
were signiﬁcantly different in both males and females, as males
being longer than females by up to 70 mm. The result of the
current study was in agreement with the results reported by
different authors in many localities (Table 2). The length
weight relationship of L. duvauceli was done by Meiyappan
et al. (1993), Mishra et al. (2012), Nair et al. (1992), Petsut
and Kulabtong (2012), Silas et al. (1986) and Srichanngam
(2010), they observed that the rate of increase in weight inFigure 6 Yield per recruit and biomass per recruit showing the
maximum yield per recruit at exploitation rate levels {E10 = 0.33,
E50 = 0.46 and Emax = 0.56} of L. duvauceli from the Gulf of
Suez, north-west Red Sea.relation to length differed in males and females and followed
negative allometric growth.
Aging in the present study was based on length frequency
analysis of L. duvauceli, which revealed that the pooled sexes
attain 107.4, 182.1 and 216.5 mm of mantel length at the end
of I–III years of life with a maximum observed length of
238.0 mm. Males exhibited 107.4, 185.8, and 216.7 mm at the
end of I–III years of life, respectively, whereas females
achieved 90.0 and 140.0 mm at the of I and II years of life.
Karnik et al. (2003) and Thomas and Kizhakudan (2006)
reported three age groups of L. duvauceli along the Indian
coast. The longevity (A0.95) of L. duvauceli in the Gulf of Suez
has been estimated to be around three years. Karnik et al.
(2003), Mohamed and Rao (1997), Nitin et al. (2015),
Thomas and Kizhakudan (2006) and Supongpan (1988), con-
cluded the same result in different localities in the Indian coast
(Table 3).
The growth parameter L. duvauceli L1 was 246.8 mm and
growth rate (K) was 0.85/year for the combined data. The val-
ues of L1 and K were reported by early studies (Table 3) rang-
ing between 266–385 mm and 0.49–1.43/year, respectively for
the pooled sexes. It is noticed that the growth of L. duvauceli
is faster in the early life stages but slows as it gets older. In
the present study L1 value is lower than the most reported
results by early studies. L1 and K at the present work were rel-
atively in agreement with Supongpan (1988) results in Thai-
land. Generally, the growth rate (K) in the present work was
in accordance with most of the previous studies. Anonymous
(1993) and Pauly (1985), reported that in some squids, notably
family loliginidae, the growth rates and the length data are
highly variable in different areas.
The annual total mortality rate (Z) was 4.24/y, the natural
mortality (M) and ﬁshing mortality (F) were 1.27/y and 2.98/y,
respectively. Table 3 shows the mortality rates done in the pre-
vious studies. The present study is comparatively higher than
that reported by the previous studies; Chakraborty et al.
(1997), John (2007) and Vidyasagar and Deshmukh (1992),
while it is nearly in accordance with Chakraborty et al.Table 2 Length weight relationship of L. duvauceli recorded
by several authors in different localities.
Authors Locality Sex a b r2
Rao(1988) India M 0.0020 2.149 0.94
F 0.0010 2.309 0.95
Meiyappan et al.
(1993)
East coast M 0.0007 2.377 0.93
India F 0.0004 2.520 0.96
Mohamed and
Rao, 1997
Karnataka
coast
Pooled 0.0025 2.105 0.92
Thomas and
Kizhakudan (2006)
Veraval
coast
M 0.1090 2.635 0.89
F 0.3147 2.186 0.90
Petsut and
Kulabtong (2012)
Thailand M 0.0080 1.790 0.95
F 0.0007 2.390 0.93
Mishra et al. (2012) West coast
of India
M 0.0875 1.613 0.97
F 0.0330 1.672 0.94
Present study Gulf of
Suez
M 0.2910 1.958 0.95
Egypt F 0.1160 2.416 0.96
Pooled 0.2630 2.020 0.93
Table 3 Growth parameters (K & L1), mortality rates (Z,M & F), exploitation rate (E), Length at 1st capture (Lc), length at maturity
(Lm) and longevity (A0.95) of L. duvauceli estimated by several authors at different regions.
Authors Region Sex K/y L1 (mm) Z/y M/y F/y E Lc (mm) Lm (mm) A0.95 (y)
Silas et al. (1986) Cochin coast M 0.61 327
F 1.19 205
Kasim (1988) Veraval coast Pooled 0.98 300 3.94 1.74 2.20 0.56 3.10
Supongpan (1988) Thailand coast Pooled 0.86 266 3.49
Meiyappan and Srinath (1989) Cochin coast M 1.10 379 9.0 2.2 6.80 0.76
F 1.7 238 10.6 2.2 8.40 0.79
Vidyasagar and Deshmukh (1992) Mumbai coast Pooled 0.45 323 1.83 1.1 0.73 0.39
Meiyappan et al. (1993) East Coast M 0.90 220 108
India F 1.30 205
Chakraborty et al. (1997) Mumbai coast Pooled 0.49 343 2.09 1.10 0.99 0.47 104
Mohamed and Rao (1997) Karnataka coast Pooled 1.43 343 2.50
Karnik et al. (2003) Mumbai coast Pooled 0.85 385 4.29 1.82 2.47 0.57 3.53
Thomas and Kizhakudan (2006) Veraval coast Pooled 0.98 303 3.94 1.74 2.20 0.56 102 3.06
John (2007) Cochin Pooled 0.75 300 2.61 1.37 1.24 0.48 112 4.00
Chakraborty et al. (2013) Mumbai coast Pooled 0.90 380 4.43 1.41 3.02 0.68 100 107 3.33
Nitin et al. (2015) India Pooled 0.95 376 4.50 1.82 2.68 0.60 107 86 3.10
Present study Red sea M 0.80 246.8 3.54
Gulf of Suez F 0.92 173.3 3.08
Egypt F 0.92 173.3 3.08
Pooled 0.85 246.8 4.24 1.27 2.98 0.70 90 106 3.33
284 M.M. Sabrah et al.(2013), Karnik et al. (2003), Kasim (1988) and Nitin et al.
(2015).
The exploitation ratio (E) estimated for L. duvauceli was
0.7. According to Gulland (1971) the stock is supposed to be
over ﬁshed if the exploitation ratio is above 0.5, so this species
in the Gulf of Suez is exposed to high ﬁshing pressure and
overexploitation.
The length at ﬁrst capture (Lc) was investigated to be
90.0 mm. Lc which corresponds to the length at which 50%
of the squids became vulnerable to the ﬁshing gear; also it is
related to the trawl cod end mesh size. It is observed that Lc
is very small in relation to the maximum observed length
238.0 mm recorded in the current study. Also, it is clear that
Lc is higher than the length at maturity (Lm), which was found
to be 106.0 mm. The length which gives the maximum possible
yield is deﬁned as the optimum length at capture (Lopt). Lopt
was calculated to be 165.0 mm. It is obvious to conclude that:
Lopt > Lc > Lm. The present exploitation rate (E) was 0.7, so
the ﬁshing intensity should be reduced and Lc must be enlarged
to at least 120.0 mm in order to maintain the spawning stock
biomass of L. duvauceli. The ﬁshery resources status in differ-
ent Indian coasts were studied by many authors (Chakraborty
et al., 2013; Kasim, 1988; Meiyappan et al. 1993; Mohamed
and Rao, 1997; Nitin et al., 2015), they concluded that the ﬁsh-
ery status in the Indian coasts was exposed to the same prob-
lems corresponding to the ﬁshery decline as a result of the fully
exploited ﬁshery.
Analysis of the relative yield per recruit (Y0/R) and relative
biomass per recruit (B0/R) of L. duvauceli using the knife edge
selection gave the maximum (Y0/R) Emax = 0.56, when
Lc/L1= 0.36, also the exploitation level which maintains
the spawning stock biomass at 50% of the virgin stock biomass
E0.5 = 0.33 and the exploitation level at which the marginal
increase in yield per recruit reaches 1/10 of the marginal
increase computed at a very low value of E10 = 0.46. The pre-
sent study revealed that E= 0.7 > Emax = 0.56 by about21% and if the Lc rises to 120 mm instead of 90 mm (i.e.
increased by 25%), Lc/L1 will be 0.49 and consequently the
(Y0/R) will be increased approximately by 20%.
Conclusion
The trawl ﬁsheries are an important component in the Gulf of
Suez. The present study is important as it gives clear informa-
tion of the current exploitation of the Indian squid and a gross
estimate of its stock. To improve the current situation and sus-
tain the ﬁshery stock of L. duvauceli in the Gulf of Suez, it is
recommended to:
 Reduce the ﬁshing effort to reduce the exploitation rates
and increase the (Y0/R)
 Control the trawl cod end mesh size and justify the gear
selectivity to catch the optimum length which gives the max-
imum possible yield.
 Allow young individuals to reach the marketable size
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